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1
HYDRAULIC PRESSURE CONTROLLER FOR
CONTINUOUSLY VARIABLE
TRANSMISSION

FIELD OF DISCLOSURE

The present invention relates to hydraulic pressure control-
lers for a continuously variable transmission that controls the
hydraulic pressure supplied to each pulley of a belt type
continuously variable transmission, and in particular, to a
hydraulic pressure controller for a continuously variable
transmission that feedback-adjusts a line pressure, which is
an originating pressure of the hydraulic pressure supplied to
each pulley, in accordance with the level of the hydraulic
pressure supplied to each pulley.

BACKGROUND OF THE DISCLOSURE

A belt type continuously variable transmission is a known
transmission mounted on a vehicle or the like. The belt type
continuously variable transmission includes a first pulley that
receives driving force from an internal combustion engine, a
second pulley coupled to a vehicle wheel, and a belt running
around the two pulleys. The continuously variable transmis-
sion changes the winding radius of the belt at each pulley to
change the gear ratio in a continuous and stepless manner.

Such a belt type continuously variable transmission
changes the hydraulic pressure of a hydraulic pressure cham-
ber arranged in each pulley to change the balance of thrusts,
which is the force that sandwiches the belt. This changes the
winding ratio of the belt at each pulley and controls the gear
ratio.

To this end, such a continuously variable transmission
includes a hydraulic pressure controller that controls the
hydraulic pressure supplied to each pulley. The hydraulic
pressure controller includes a plurality of solenoid valves,
which are driven based on an electrical drive command, and a
plurality of control valves, which are driven by a driving
hydraulic pressure output from the solenoid valves. The
hydraulic pressure controller drives the control valves based
on drive commands output from an electronic control unit to
supply hydraulic oil to the hydraulic pressure chamber of
each pulley or discharge hydraulic oil from the hydraulic
pressure chamber of each pulley thereby controlling the
hydraulic pressure of the hydraulic pressure chamber in each
pulley.

In the hydraulic pressure controller for the continuously
variable transmission, a regulator valve adjusts the hydraulic
pressure of the hydraulic oil discharged from an oil pump and
generates line pressure, which is the originating pressure of
the hydraulic pressure to output from the control valves. The
line pressure is input to the control valves, and the line pres-
sure is adjusted by the control valves to generate the hydraulic
pressure supplied to each pulley.

In the hydraulic pressure controller described above, a
drive load of the oil pump becomes high when the line pres-
sure becomes high. Thus, a hydraulic pressure controller for
a continuously variable transmission that is described in
patent document 1 feedback-adjusts the line pressure in
accordance with the level of the hydraulic pressure supplied
to each pulley.

Specifically, hydraulic pressure corresponding to the level
of the hydraulic pressure supplied to each pulley is input to
the regulator valve. The line pressure is increased when the
hydraulic pressure supplied to each pulley is high, and the line
pressure is decreased when the hydraulic pressure supplied to
each pulley is low.
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In this manner, by feedback adjusting the line pressure in
accordance with the level of the hydraulic pressure supplied
to each pulley, an excessive increase in the drive load of the oil
pump when the line pressure increases more than necessary is
suppressed.

PRIOR ART DOCUMENT
Patent Documents

Patent document 1: Japanese Laid-Open Patent Publica-
tion No. 2009-156413

DISCLOSURE OF THE INVENTION
Problems that are to be Solved by the Invention

When changing the hydraulic pressure supplied to each
pulley, valve bodies of the control valves that control the
hydraulic pressure supplied to the pulleys are driven, and a
valve body of the regulator valve adjusts the line pressure.
However, immediately after starting the driving of the valve
bodies, inertia may excessively move the valve bodies and
thereby oscillate the valve bodies.

If a valve body oscillates, the hydraulic pressure adjusted
by the control valves and the regulator valve oscillates over a
target hydraulic pressure. When the hydraulic pressure sup-
plied to each pulley oscillates, the tension on the belt repeti-
tively increases and decreases. This may result in slipping of
the belt on each pulley or excessive load being applied to the
belt and thereby lower the durability of the continuously
variable transmission.

Further, once the hydraulic pressure supplied to each pul-
ley starts to oscillate, the oscillating hydraulic pressure is fed
back to the regulator valve and the line pressure is adjusted
based on the fed back hydraulic pressure. As a result, the line
pressure adjusted through the regulator valve is also oscil-
lated. This may produce an adverse cycle in which the line
pressure is feedback adjusted based on the oscillating hydrau-
lic pressure, the oscillation is propagated to the line pressure,
and the hydraulic pressure supplied to each pulley is adjusted
based on the oscillating line pressure. As a result, a state in
which the hydraulic pressure supply to each pulley oscillates
may continue over a long period of time.

It is an object of the present invention to provide a hydrau-
lic pressure controller for a continuously variable transmis-
sion capable of feedback adjusting the line pressure in accor-
dance with the level of the hydraulic pressure supplied to each
pulley and suppressing oscillation of the hydraulic pressure
supplied to each pulley and the line pressure when changing
the hydraulic pressure supplied to each pulley, while sup-
pressing the drive load of the oil pump from becoming exces-
sively large.

Means for Solving the Problems

To achieve the above object, after driving a valve body of
the control valve in a valve opening direction, a hydraulic
pressure controller according to the present invention
executes oscillation suppression control that temporarily sup-
presses movement of the valve body.

Thus, oscillation of the valve body when the valve body is
driven in the valve opening direction can be suppressed, and
repetitive increase and decrease of the hydraulic pressure
supplied to a pulley over a target hydraulic pressure is sup-
pressed. Further, by suppressing such oscillation of the valve
body and suppressing the oscillation of the hydraulic pressure
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supplied to the pulley, oscillation of the line pressure, which
is feedback adjusted based on the hydraulic pressure supplied
to the pulley, can be suppressed.

This can suppress the occurrence of an adverse cycle in
which the line pressure is adjusted based on the oscillating
hydraulic pressure and the hydraulic pressure supplied to
each pulley is adjusted based on the oscillating line pressure.

In this manner, a hydraulic pressure controller for a con-
tinuously variable transmission according to the present
invention feedback adjusts the line pressure in accordance
with the level of the hydraulic pressure supplied to each
pulley, suppresses excessive increases in the drive load
applied to an oil pump, and suppresses oscillation of the
hydraulic pressure, which is supplied to each pulley, and the
line pressure when the hydraulic pressure supplied to each
pulley is changed. This consequently suppresses repetitive
increasing and decreasing of tension on a belt when the
hydraulic pressure of the pulleys is changed and suppresses a
decrease in the durability of the continuously variable trans-
mission.

When the control valve uses a driving hydraulic pressure
input to the control valve to drive the valve body in a valve
opening direction, specifically, it is preferred that after start-
ing to output the driving hydraulic pressure to the control
valve to drive the valve body in the valve opening direction,
oscillation suppression control is executed to further change
the driving hydraulic pressure to suppress movement of the
valve body in a valve closing direction when the valve body
oscillates as the output of the driving hydraulic pressure
starts.

More specifically, when the control valve moves the valve
body in the valve opening direction as the driving hydraulic
pressure increases, after starting the output of the driving
hydraulic pressure to drive the valve body in the valve open-
ing direction, the oscillation suppression control further
increases the driving hydraulic pressure in accordance with a
timing at which the valve body starts to move in the valve
closing direction. The employment of such a configuration
further increases the driving hydraulic pressure and offsets
force that acts to move the valve body in the valve opening
direction, suppresses movement of the valve body in the valve
closing direction, and suppresses oscillation of the valve
body.

After starting the output of the driving hydraulic pressure
to the control valve to drive the valve body in the valve
opening direction, the timing at which the valve body starts to
move in the valve closing direction changes in accordance
with the responsiveness or the like of the actual movement of
the valve body relative to changes in the driving hydraulic
pressure. When the temperature of the hydraulic oil is high,
the viscosity of the hydraulic oil decreases. Thus, the respon-
siveness of the actual movement of the valve body relative to
changes in the driving hydraulic pressure increases as the
temperature of the hydraulic oil changes. That is, the valve
body moves more readily when the driving hydraulic pressure
is output as the temperature of the hydraulic oil increases.
Further, after the driving hydraulic pressure is output, the
timing at which the valve body starts to move in the valve
closing direction is advanced as the temperature of the
hydraulic oil increases.

Thus, after starting the output of the driving hydraulic
pressure to the control valve to drive the valve body in the
valve opening direction, it is preferred that a timing for further
changing the driving hydraulic pressure be advanced as the
temperature of the hydraulic oil increases. The employment
of'such a configuration allows for the timing for changing the
hydraulic pressure to be set in accordance with changes in the
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responsiveness of the actual movement of the valve body
relative to changes in the driving hydraulic pressure as the
temperature of the hydraulic oil changes.

Further, as the hydraulic pressure output to the control
valve to drive the valve body in the valve opening direction
increases, the valve opening speed of the valve body when the
driving hydraulic pressure is output increases. That is, as the
hydraulic pressure output to drive the valve body in the valve
opening direction increases, the valve body moves more
readily when the valve body starts to move in the valve clos-
ing direction. Thus, as the hydraulic pressure output to the
control valve to drive the valve body in the valve opening
direction increases, after starting the output of the driving
hydraulic pressure to the control valve to drive the valve body
in the valve opening direction, the timing for further changing
the driving hydraulic pressure may be advanced. When
employing such a configuration, the timing for changing the
driving hydraulic pressure may be set in accordance with
changes in the valve opening speed of the valve body when
the driving hydraulic pressure is output.

When the hydraulic pressure controller for a continuously
variable transmission includes a control valve provided with
a first pressure chamber and a second pressure chamber
located on opposite sides of the valve body, and the control
valve changes a level of the driving hydraulic pressure sup-
plied to the first pressure chamber to drive the valve body, the
movement of the valve body may be suppressed by prohibit-
ing discharge of the hydraulic oil from the second pressure
chamber and supply of the hydraulic oil to the second pres-
sure chamber.

The oscillation of the valve body is apt to occur when the
driving hydraulic oil acts on the valve body to drive the valve
body in the valve opening direction.

Thus, when the hydraulic pressure controller for a continu-
ously variable transmission feedback adjusts the line pressure
in correspondence with a change in a larger one of a hydraulic
pressure supplied to a first pulley, which is coupled to an
internal combustion engine, and a hydraulic pressure sup-
plied to a second pulley, which is coupled to a vehicle wheel,
it is preferred that the execution conditions for executing
oscillation suppression control be set so that when increasing
the hydraulic pressure supplied to the first pulley, the oscilla-
tion suppression control is executed when the hydraulic pres-
sure supplied to the first pulley becomes greater than the
hydraulic pressure supplied to the second pulley.

The employment of such a configuration executes the
oscillation suppression control under a situation that may
result in an adverse cycle in which the hydraulic pressure
supplied to each pulley oscillates continuously over a long
period of time such as when the line pressure is feedback
adjusted in correspondence with changes in the hydraulic
pressure supplied to the first pulley when increasing the
hydraulic pressure supplied to the first pulley.

Thus, a state in which the hydraulic pressure supplied to
each pulley oscillates continuously over a long period of time
is suppressed in a preferred manner.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a continuously
variable transmission that is a control subject of a hydraulic
pressure controller according to a first embodiment of the
present invention.

FIG. 2 is a schematic diagram showing the structure of a
hydraulic pressure control unit in the hydraulic pressure con-
troller of the first embodiment.
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FIG. 3 is a time chart showing the relationship of a change
in the drive duty of a first solenoid valve and a change in the
hydraulic pressure supplied to a first pulley in a gear shift
control of the prior art.

FIG. 4 is a time chart showing the relationship of a change
in the drive duty of a first solenoid valve and a change in the
hydraulic pressure supplied to the first pulley when a oscilla-
tion suppression control of the first embodiment is executed.

FIG. 5is a flowchart showing a flow of a series of processes
related to the execution of the oscillation suppression control
of the first embodiment.

FIG. 6 is a flowchart showing a flow of processes in the
oscillation suppression control of the first embodiment.

FIG. 7 is a schematic diagram showing the structure of a
hydraulic pressure control unit in a hydraulic pressure con-
troller according to a second embodiment.

FIG. 8 is a flowchart showing a flow of processes in the
oscillation suppression control of the second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

One embodiment of a hydraulic pressure controller for a
continuously variable transmission according to the present
invention applied to an electronic control unit 300 that con-
trols a continuously variable transmission 100, which is
installed in a vehicle, and a hydraulic pressure control unit
200 will now be described with reference to FIGS. 1 to 6. FIG.
1 is a schematic diagram showing the structure of the con-
tinuously variable transmission 100, which is a control sub-
ject of the hydraulic pressure controller of the present inven-
tion.

As shown in FIG. 1, an input shaft of a torque converter 110
in the continuously variable transmission 100 is connected to
an output shaft of an internal combustion engine 400. An
output shaft of the torque converter 110 is connected to an
input shaft of a switching mechanism 120.

The switching mechanism 120 is a double-pinion planet
gear mechanism and includes a forward clutch 121 and a
reverse brake 122. An output shaft of the switching mecha-
nism 120 is connected to a first pulley 130.

When the forward clutch 121 is engaged and the reverse
brake 122 is released, the driving force of the internal com-
bustion engine 400, which is input through the torque con-
verter 110, is directly transmitted to the first pulley 130. In
contrast, when the forward clutch 121 is released and the
reverse brake 122 is engaged, the driving force of the internal
combustion engine 400, which is input through the torque
converter 110, is reversed and transmitted to the first pulley
130 as a driving force of a reversed rotation.

In the switching mechanism 120, if the forward clutch 121
and the reverse brake 122 are both released, the transmission
of the driving force between the internal combustion engine
400 and the first pulley 130 is cut off.

The first pulley 130, which is coupled to the internal com-
bustion engine 400 by the torque converter 110 and the
switching mechanism 120, is coupled to a second pulley 150,
which is an output side pulley, by a belt 140. More specifi-
cally, a single belt 140 runs around the first pulley 130 and the
second pulley 150 arranged in parallel as shown at the lower
left side in FIG. 1. Driving force is transmitted between the
first pulley 130 and the second pulley 150 by the belt 140.

The second pulley 150 is coupled to a differential through
areduction gear (not shown). Thus, the rotation of the second
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6

pulley 150 is transmitted to the differential via the reduction
gear, and the rotation is transmitted to left and right drive
wheels via the differential.

The first pulley 130 is formed by combining a fixed sheave
and a movable sheave. A hydraulic pressure chamber 134 is
defined and formed in the first pulley 130 as shown by broken
lines in FIG. 1.

The second pulley 150 is also formed by combining a fixed
sheave and a movable sheave. A hydraulic pressure chamber
154 is also defined and formed in the second pulley 150 as
shown by broken lines in FIG. 1.

Thebelt 140 runs around the first pulley 130 and the second
pulley 150, as described above. The belt 140 is sandwiched
between the fixed sheave and the movable sheave of the first
pulley 130 and sandwiched between the fixed sheave and the
movable sheave of the second pulley 150.

Thus, when a hydraulic pressure Pin of the hydraulic pres-
sure chamber 134 in the first pulley 130 is changed, the
distance between the fixed sheave and the movable sheave of
the first pulley 130 changes, and thrust Wpri acting on the belt
140 at the first pulley 130 changes. Further, when a hydraulic
pressure Pout of the hydraulic pressure chamber 154 in the
second pulley 150 changes, the distance between the fixed
sheave and the movable sheave of the second pulley 150
changes, and thrust Wsec acting on the belt 140 at the second
pulley 150 changes.

As shown in FIG. 1, each of the pulleys 130 and 150
includes a gradient at a portion that contacts the belt 140.
Thus, when changing the thrust Wpri at the first pulley 130
and the thrust Wsec at the second pulley 150, winding radii
Rin and Rout of the belt 140 at the pulleys 130 and 150 are
changed.

More specifically, when increasing the hydraulic pressure
Pin in the first pulley 130 to increase the thrust Wpri and
decreasing the hydraulic pressure Pout in the second pulley
150 to decrease the thrust Wsec, the winding radius Rin of the
belt 140 at the first pulley 130 is increased and the winding
radius Rout of the belt 140 at the second pulley 150 is
decreased. When decreasing the hydraulic pressure Pin in the
first pulley 130 to decrease the thrust Wpri and increasing the
hydraulic pressure Pout in the second pulley 150 to increase
the thrust Wsec, the winding radius Rin of the belt 140 at the
first pulley 130 is decreased and the winding radius Rout of
the belt 140 at the second pulley 150 is increased.

In the continuously variable transmission 100, the hydrau-
lic pressures Pin and Pout of the pulleys 130 and 150 are
changed to change the thrusts Wpri and Wsec and change the
winding radii Rin and Rout of the belt 140 at the pulleys 130
and 15. This controls a gear ratio y.

More specifically, when performing upshifting and
decreasing the gear ratio vy, the hydraulic pressure Pin of the
hydraulic pressure chamber 134 in the first pulley 130 is
increased to increase the thrust Wopri at the first pulley 130,
and the hydraulic pressure Pout of the hydraulic pressure
chamber 154 in the second pulley 150 is decreased to
decrease the thrust Wsec at the second pulley 150. This
increases the winding radius Rin of the belt 140 at the first
pulley 130, decreases the winding radius Rout of the belt 140
at the second pulley 150, and decreases the gear ratio y.

When performing downshifting and increasing the gear
ratio vy, the hydraulic pressure Pin of the hydraulic pressure
chamber 134 in the first pulley 130 is decreased to decrease
the thrust Wpri at the first pulley 130, and the hydraulic
pressure Pout of the hydraulic pressure chamber 154 in the
second pulley 150 is increased to increase the thrust Wsec at
the second pulley 150. This decreases the winding radius Rin
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of the belt 140 at the first pulley 130, increases the winding
radius Rout of the belt 140 at the second pulley 150, and
increases the gear ratio v.

As shown in FIG. 1, the hydraulic pressure chambers 134
and 154 of the pulleys 130 and 150 are connected to the
hydraulic pressure control unit 200. The hydraulic pressure
control unit 200 is a hydraulic pressure circuit including a
plurality of solenoid valves, which are driven based on a drive
command output from the electronic control unit 300, and a
control valve, which is driven by the drive hydraulic pressure
output from the solenoid valves. The hydraulic pressure of the
hydraulic oil is adjusted by operating the control valve to
supply the hydraulic oil to the hydraulic pressure chambers
134 and 154 or discharge the hydraulic oil from the hydraulic
pressure chambers 134 and 154 thereby adjusting the hydrau-
lic pressures Pin and Pout of the hydraulic pressure chambers
134 and 154.

The electronic control unit 300 includes a central process-
ing unit (CPU) that executes calculations related to the con-
trol of the internal combustion engine 400, calculations
related to the control of the continuously variable transmis-
sion 100 through the hydraulic pressure control unit 200, and
the like. Further, the electronic control unit 300 includes a
read-out only memory (ROM), which stores calculation pro-
grams and calculation maps for the calculations in addition to
various types of data, a random access memory (RAM) that
temporarily stores calculation results, and the like.

As shown in FIG. 1, the electronic control unit 300 is
connected to the sensors described below.

An accelerator position sensor 301 detects the amount of
an accelerator pedal depressed by a driver. An air flow meter
302 detects the amount and temperature of the air drawn into
the internal combustion engine 400. A crank angle sensor 303
detects the engine speed NE based on a rotation angle of a
crankshaft, which is an output shaft of the internal combus-
tion engine 400. A turbine rotation number sensor 304 is
arranged in the vicinity of the switching mechanism 120 and
detects the rotation speed of a turbine of the torque converter
110. A first pulley rotation speed sensor 305 is arranged in the
vicinity of the first pulley 130 and detects the rotation speed
Nin of the first pulley 130. A second pulley rotation speed
sensor 306 is arranged in the vicinity of the second pulley 150
and detects the rotation speed Nout of the second pulley 150.
Wheel speed sensors 307 are respectively arranged in the
vicinity of the vehicle wheels and detect the rotation speed of
the corresponding vehicle wheels. A temperature sensor 308
detects the temperature of the hydraulic oil supplied to the
hydraulic pressure chambers 134 and 154 by the hydraulic
pressure control unit 200.

Based on output signals from the various sensors 301 to
308, the electronic control unit 300 entirely controls the inter-
nal combustion engine 400 and the continuously variable
transmission 100. For example, a vehicle speed SPD is cal-
culated based on the rotation speed Nout of the second pulley
150, which is detected by the second pulley rotation speed
sensor 306. A required torque is calculated based on the
current vehicle speed SPD and the depression amount of the
accelerator pedal detected by the accelerator position sensor
301. An opening degree Th of a throttle valve 411, which is
arranged in an intake passage 410 of the internal combustion
engine 400, is adjusted to adjust intake air amount GA and
realize the required torque.

Further, when adjusting the intake air amount GA, the
electronic control unit 300 calculates a target gear ratio ytrg as
the gear ratio vy that most efficiently generates the request
torque. The electronic control unit 300 also executes gear
shift control that controls the hydraulic pressure control unit
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200 so that the actual gear ratio y conforms to the calculated
target gear ratio ytrg. In other words, in the present embodi-
ment, the electronic control unit 300 and the hydraulic pres-
sure control unit 200 form the hydraulic pressure controller
for the continuously variable transmission 100.

In the gear shift control, the current gear ratio y is calcu-
lated based on the rotation speed Nin of the first pulley 130
and the rotation speed Nout of the second pulley 150. Further,
to bring the gear ratio y closer to the target gear ratio ytrg, the
hydraulic pressure Pin in the first pulley 130 is changed to
change the thrust Wpri. The thrust Wpri at the first pulley 130
is changed, and the hydraulic pressure Pout in the second
pulley 150 is changed to change the thrust Wsec so that the
belt 140 does not slip on the pulleys 130 and 150.

A structure of the hydraulic pressure control unit 200 will
now be described in detail with reference to FIG. 2. FIG. 2 is
a schematic diagram showing the structure of the hydraulic
pressure control unit 200 in the hydraulic pressure controller
according to the present embodiment.

As shown at the left side in FIG. 2, the hydraulic pressure
controlunit 200 includes a regulator valve 212 that adjusts the
pressure of the hydraulic oil discharged from the oil pump
211 to generate line pressure Pl, which becomes the originat-
ing pressure of the hydraulic pressures Pin and Pout. The
regulator valve 212 sends some of the hydraulic oil dis-
charged from the oil pump 211 to another regulator valve (not
shown) based on the level of the line pressure P1. The hydrau-
lic oil send from the regulator valve 212 to another regulator
valve is supplied to the torque converter 110 and the switch-
ing mechanism 120 as a hydraulic pressure Psec. The regu-
lator valve 212 adjusts the line pressure Pl by discharging
some of the hydraulic oil discharged from the oil pump 211
based on the level of the line pressure PL.

The hydraulic pressure control unit 200 includes a modu-
lator valve 214 that further depressurizes the line pressure Pl
and generates a fixed modulator pressure Pm. The modulator
pressure Pm output from the modulator valve 214 is supplied
to a first solenoid valve 215 and a second solenoid valve 216.

The first solenoid valve 215, which is electrically driven by
a drive command output from the electronic control unit 300,
adjusts the modulator pressure Pm to generate a first solenoid
pressure Pslp, which is the driving hydraulic pressure of a first
control valve 217. More specifically, the first solenoid valve
215, which is a normally open type solenoid valve that closes
when supplied with power, outputs a larger first solenoid
pressure Pslp as the drive duty decreases in accordance with
the level of the drive duty output as the drive command from
the electronic control unit 300.

The second solenoid valve 216, which is electrically driven
by a drive command output from the electronic control unit
300, adjusts the modulator pressure Pm to generate a second
solenoid pressure Psls, which is the driving hydraulic pres-
sure of a second control valve 218. The second solenoid valve
216, which is also a normally open type solenoid valve like
the first solenoid valve 215, outputs a larger second solenoid
pressure Psls as the drive duty decreases in accordance with
the level of the drive duty output as the drive command from
the electronic control unit 300.

The first solenoid pressure Pslp, which is output from the
first solenoid valve 215, is input to the first control valve 217.
The first control valve 217 adjusts the line pressure Pl in
accordance with the first solenoid pressure Pslp. This adjusts
the level of the hydraulic pressure supplied to the hydraulic
pressure chamber 134 in the first pulley 130 and controls the
hydraulic pressure Pin of the hydraulic pressure chamber 134.

The first control valve 217 includes three input ports 2174,
217e, and 217f. The first solenoid pressure Pslp is input to the
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second input port 217e¢. The line pressure Plis input to the first
input port 2174, and the solenoid modulator pressure
Psolmod is input to the third input port 217f

The first control valve 217 accommodates a valve body
217a that is movable in the axial direction. A first pressure
chamber 2175 and a second pressure chamber 217¢ are
defined and formed in the first control valve 217 so as to
sandwich the valve body 217a. The second input port 217e is
connected to the first pressure chamber 2175, and the third
input port 217f'is connected to the second pressure chamber
217c¢.

As aresult, the first solenoid pressure Pslp supplied to the
first pressure chamber 21756 through the second input port
217e and the solenoid modulator pressure Psolmod supplied
to the second pressure chamber 217¢ through the third input
port 217f act from opposite directions on the valve body 2174
of'the first control valve 217. A spring 217g is accommodated
in the first pressure chamber 21756 in a compressed state as a
biasing member for biasing the valve body 217a toward the
second pressure chamber 217¢.

The solenoid modulator pressure Psolmod supplied to the
second pressure chamber 217¢ through the third input port
217f'is adjusted to a certain level by a pressure adjustment
valve 230, as will be described later. Thus, the balance of the
forces acting on the valve body 217a of the first control valve
217 changes in accordance with the level of the first solenoid
pressure Pslp supplied to the first pressure chamber 2176
through the second input port 217e. The valve body 217a is
moved in the axial direction in accordance with changes in the
balance of the forces.

The first control valve 217 further includes an output port
217k connected to the hydraulic pressure chamber 134 in the
first pulley 130 through a failsafe valve 219, which will be
described later, a discharge port 217; connected to a discharge
passage, and a feedback port 217;.

The first control valve 217 moves the valve body 2174 in
accordance with the balance of the forces acting on the valve
body 217a. Further, the first control valve 217 moves the
valve body 217a toward the second pressure chamber 217¢
when the first solenoid pressure Pslp become high and the
pressure in the first pressure chamber 2176 becomes high.
Thus, in the first control valve 217, when the first solenoid
pressure Pslp becomes high, the first input port 2174 opens
and communicates the first input port 2174 and the output port
217h.

As a result, when the first solenoid pressure Pslp becomes
high, some of the hydraulic oil input through the first input
port 2174 is supplied to the hydraulic pressure chamber 134 in
the first pulley 130 through the output port 2174.

The first control valve 217 is formed so that the driving
force toward the second pressure chamber 217¢, that is, the
driving force in the valve opening direction, increases as the
input first solenoid pressure Pslp increases. Thus, as the first
solenoid pressure Pslp increases, the hydraulic pressure out-
put from the first control valve 217 increases and the hydrau-
lic pressure Pin of the hydraulic pressure chamber 134
increases.

Further, as shown in FIG. 2, some of the hydraulic pressure
supplied to the hydraulic pressure chamber 134 is fed back to
act on the valve body 217a through the feedback port 217;.
Thus, when the hydraulic pressure Pin increases and
approaches the hydraulic pressure corresponding to the level
of'the first solenoid pressure Pslp, the valve body 217a moves
toward the first pressure chamber 2175. When the hydraulic
pressure Pin becomes equal to the hydraulic pressure corre-
sponding to the level of the first solenoid pressure Pslp, the
valve body 217a closes the first input port 2174.
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When the hydraulic pressure Pin becomes higher than the
hydraulic pressure corresponding to the level of the first sole-
noid pressure Pslp, the valve body 2174 further moves toward
the first pressure chamber 2175, and the discharge port 217i
opens and communicates the output port 217/ and the dis-
charge port 217i. This discharges the hydraulic oil from the
hydraulic pressure chamber 134 to the discharge passage
through the output port 217/ and the discharge port 217/, and
the hydraulic pressure Pin of the hydraulic pressure chamber
134 is adjusted to the hydraulic pressure corresponding to the
level of the first solenoid pressure Pslp.

The hydraulic oil discharged through the discharge passage
is collected in an oil pan (not shown) and supplied again to
each part by the oil pump 211.

The second solenoid pressure Psls output from the second
solenoid valve 216 is input to the second control valve 218.
The second control valve 218 adjusts the line pressure Pl in
accordance with the second solenoid pressure Psls to adjust
the level of the hydraulic pressure supplied to the hydraulic
pressure chamber 154 in the second pulley 150 and control
the hydraulic pressure Pout of the hydraulic pressure chamber
154.

The second control valve 218 includes three input ports
218d, 218e, and 218 like the first control valve 217. The
second solenoid pressure Psls is input to the second input port
218e¢. The line pressure Pl is input to the first input port 2184,
and the solenoid modulator pressure Psolmod is input to the
third input port 218/

The second control valve 218 accommodates a valve body
218a, which is movable in the axial direction. A first pressure
chamber 2186 and a second pressure chamber 218¢ are
defined and formed in the second control valve 218 so as to
sandwich the valve body 218a. The second input port 218e is
connected to the first pressure chamber 2185, and the third
input port 218f'is connected to the second pressure chamber
218¢.

As a result, the second solenoid pressure Psls supplied to
the first pressure chamber 2185 through the second input port
218e¢ and the solenoid modulator pressure Psolmod supplied
to the second pressure chamber 218¢ through the third input
port 218fact from opposite directions on the valve body 218«
of the second control valve 218. A spring 218g is accommo-
dated in the first pressure chamber 2185 in a compressed state
as a biasing member for biasing the valve body 218a toward
the second pressure chamber 218c¢.

The solenoid modulator pressure Psolmod supplied to the
second pressure chamber 218¢ through the third input port
218f'is adjusted to a certain level by the pressure adjustment
valve 230, as will be described later. Thus, the balance of the
forces acting on the valve body 2184 of the second control
valve 218 changes in accordance with the level of the second
solenoid pressure Psls supplied to the first pressure chamber
2185 through the second input port 218e. The valve body
218a is moved in the axial direction in accordance with such
change in balance of the forces.

The second control valve 218 further includes an output
port 218/ connected to the hydraulic pressure chamber 154 in
the second pulley 150, a discharge port 218i connected to the
discharge passage, and a feedback port 218;.

The second control valve 218 moves the valve body 217a in
accordance with the balance of forces acting on the valve
body 218a. When the second solenoid pressure Psls increases
and the pressure in the first pressure chamber 2185 increases,
the valve body 218a is moved toward the second pressure
chamber 218¢. Thus, in the second control valve 218, when
the second solenoid pressure Psls becomes high, the first
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input port 2184 opens and communicates the first input port
218d and the output port 218%.

Thus, when the second solenoid pressure Psls becomes
high, some of the hydraulic oil input through the first input
port 2184 is supplied to the hydraulic pressure chamber 154 in
the second pulley 150 through the output port 2184.

The second control valve 218 is formed so that the driving
force toward the second pressure chamber 218¢, that is, the
driving force in the valve opening direction increases as the
input second solenoid pressure Psls increases. Thus, as the
second solenoid pressure Psls increases, the hydraulic pres-
sure output from the second control valve 218 increases and
the hydraulic pressure Pout of the hydraulic pressure chamber
154 increases.

Further, as shown in FIG. 2, some of the hydraulic pressure
supplied to the hydraulic pressure chamber 154 is fed back to
act on the valve body 218a through the feedback port 218;.
Thus, when the hydraulic pressure Pout increases and
approaches the hydraulic pressure corresponding to the level
of the second solenoid pressure Psls, the valve body 218«
moves toward the first pressure chamber 2185. When the
hydraulic pressure Pout becomes equal to the hydraulic pres-
sure corresponding to the level of the second solenoid pres-
sure Psls, the valve body 2184 closes the first input port 2184.

When the hydraulic pressure Pout becomes higher than the
hydraulic pressure corresponding to the level of the second
solenoid pressure Psls, the valve body 218a is further moved
toward the first pressure chamber 2185, and the discharge port
218i opens thereby communicating the output port 218/ and
the discharge port 218i. This discharges the hydraulic oil in
the hydraulic pressure chamber 154 to the discharge passage
through the output port 218/ and the discharge port 218i, and
the hydraulic pressure Pout of the hydraulic pressure chamber
154 is adjusted to the hydraulic pressure corresponding to the
level of the second solenoid pressure Psls.

The solenoid modulator pressure Psolmod is adjusted to a
certain level through the pressure adjustment valve 230
shown at the upper part of FIG. 2.

The pressure adjustment valve 230 includes an input port
2305, an output port 230¢, and a discharge port 230d. The
pressure adjustment valve 230 accommodates a valve body
230a, which is movable in an axial direction.

A spring 230e is accommodated in the pressure adjustment
valve 230 in a compressed state as a biasing member for
biasing the valve body 230a in one direction. Thus, the valve
body 230a is always biased in the same direction by the spring
230e so as to communicate the input port 2305 and the output
port 230¢ as shown in FIG. 2.

Hydraulic pressure further depressurized from the line
pressure Pl is input to the input port 2305 of the pressure
adjustment valve 230. The output port 230c¢ of the pressure
adjustment valve 230 is connected to the third input port 217f
of the first control valve 217 and the third input port 218f of
the second control valve 218 as shown in FIG. 2.

Some of the hydraulic oil output from the output port 230¢
is fed back to the valve body 230a through a feedback port
2301

Thus, when the solenoid modulator pressure Psolmod,
which is the hydraulic pressure of the hydraulic oil output
from the output port 230c, becomes excessively high, the
valve body 230q is moved against the biasing force of the
spring 230e by the hydraulic pressure fed back through the
feedback port 2307

In this manner, when the valve body 230a is moved in the
valve opening direction against the biasing force of the spring
230e, the valve body 230a closes the input port 23056 and
opens the discharge port 230d thereby communicating the
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output port 230c¢ and the discharge port 230d. As a result,
some of the hydraulic oil supplied to the second pressure
chamber 217¢ of the first control valve 217 and the second
pressure chamber 218¢ of the second control valve 218 is
discharged through the output port 230¢ and the discharge
port 230d.

When some of the hydraulic oil supplied to the second
pressure chambers 217¢ and 218¢ through the discharge port
230d of the pressure adjustment valve 230 is discharged in
such a manner, the solenoid module pressure Psolmod
decreases and adjusts the solenoid modulator pressure
Psolmod to a certain level.

The hydraulic oil discharged from the discharge port 2304
is collected in the oil pan (not illustrated) through the dis-
charge passage and supplied to each part again by the oil
pump 211.

The electronic control unit 300 executes gear shift control
to change the drive duty output to the first solenoid valve 215
and the second solenoid valve 216 and control the first sole-
noid pressure Pslp and the second solenoid pressure Psls.

The electronic control unit 300 controls the hydraulic pres-
sure control unit 200 to adjust the hydraulic pressures Pin and
Pout of the hydraulic pressure chambers 134 and 154 in the
pulleys 130 and 150 so that the gear ratio y conforms to the
target gear ratio ytrg.

When an abnormality occurs in the first control valve 217
or the first solenoid valve 215, the hydraulic pressure Pin
cannot be properly controlled and the hydraulic pressure Pin
may increase one-sidedly or decrease one-sidedly.

For instance, when a foreign matter or the like is caught in
the first control valve 217 and the necessary amount of
hydraulic oil cannot be supplied to the hydraulic pressure
chamber 134, the hydraulic pressure Pin becomes insufficient
and imbalances the thrusts Wpri and Wsec in the pulleys 130
and 150, and the tension of the belt 140 pushes and opens the
first pulley 130. As a result, the gear ratio y becomes highin a
one-sided manner and the engine speed NE increases.

In this regard, the hydraulic pressure control unit 200
includes the failsafe valve 219, which switches the supply
path of the hydraulic oil supplied to the first pulley 130.

The hydraulic oil output from the output port 217/ of the
first control valve 217 is supplied to the hydraulic pressure
chamber 134 in the first pulley 130 through the failsafe valve
219 as shown at the lower right side of FIG. 2. In the first
pulley 130, the movable sheave moves in accordance with the
hydraulic pressure Pin in the hydraulic pressure chamber 134
as described above. This changes the distance between the
fixed sheave and the movable sheave.

The hydraulic oil output from the output port 218/ of the
second control valve 218 and supplied to the hydraulic pres-
sure chamber 154 in the second pulley 150 is directly supplied
to the hydraulic pressure chamber 154 in the second pulley
150 without passing the failsafe valve 219. In the second
pulley 150, the movable sheave is moved in accordance with
the hydraulic pressure Pout in the hydraulic pressure chamber
154 as described above. This changes the distance between
the fixed sheave and the movable sheave.

The failsafe valve 219 arranged between the first control
valve 217 and the first pulley 130 includes a first input port
219a to which the hydraulic oil output from the output port
217h of the first control valve 217 is introduced and a second
input port 2195 into which the hydraulic oil output from the
output port 218/ of the second control valve 218 is drawn as
shown in FIG. 2. The failsafe valve 219 is formed to selec-
tively communicate one of the first input port 219a and the
second input port 2195 to the output port 219¢ in accordance
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with the position of the valve body driven by the driving
hydraulic pressure output from a switching solenoid valve
220.

More specifically, in a normal state in which the switching
solenoid valve 220 is in the “OFF” state and the driving
hydraulic pressure is not output from the switching solenoid
valve 220, the first input port 2194 is in communication with
the output port 219¢. In a fail state in which the switching
solenoid valve 220 is in the “ON” state and the driving
hydraulic pressure is output from the switching solenoid
valve 220, the second input port 2195 is in communication
with the output port 219¢. In other words, the failsafe valve
219 is formed to select one of the hydraulic oil adjusted
through the first control valve 217 and the hydraulic oil
adjusted through the second control valve 218 and output the
selected one to the first pulley 130.

The electronic control unit 300 switches the switching
solenoid valve 220 to the “ON” state when the hydraulic
pressure Pin in the first pulley 130 cannot be properly con-
trolled by the first control valve 217. This switches the supply
path of the hydraulic oil so that the hydraulic oil adjusted by
the second control valve 218 is also supplied to the first pulley
130. The hydraulic pressures Pin and Pout of the pulleys 130
and 150 thus become equal, and the gear ratio y can be
suppressed from increasing in a one-sided manner.

As shown in the right side of FIG. 2, the oil path for
drawing hydraulic oil into the hydraulic pressure chamber
134 of the first pulley 130 and the oil path for drawing the
hydraulic oil into the hydraulic pressure chamber 154 of the
second pulley 150 each include an orifice. These orifices are
used so that the hydraulic oil in the hydraulic pressure cham-
bers 134 and 154 is not rapidly discharged and the hydraulic
pressures Pin and Pout are not rapidly decreased to prevent
slipping of the belt 140 on the pulleys 130 and 150.

In the hydraulic pressure controller of the present embodi-
ment, the line pressure Pl is maintained at the minimum
required level, and the feedback adjustment of the line pres-
sure Pl is performed to minimize the drive load on the oil
pump 211.

More specifically, the hydraulic pressure Pin of the hydrau-
lic pressure chamber 134 in the first pulley 130 and the second
solenoid pressure Psls output by the second solenoid valve
216 are each conveyed to a reduction valve 213 to feedback
adjust the line pressure Pl. The reduction valve 213 adjusts the
modulator pressure Pm in accordance with the conveyed
hydraulic pressure Pin and the second solenoid pressure Psls
to generate a line pressure adjustment hydraulic pressure
Psrv. The line pressure adjustment hydraulic pressure Psrv is
conveyed to the regulator valve 212 and used to adjust the line
pressure Pl in the regulator valve 212.

In other words, in the hydraulic pressure control unit 200 of
the present embodiment, the line pressure Pl is feedback
adjusted in accordance with the line pressure adjustment
hydraulic pressure Psrv that changes in accordance with the
levels of the hydraulic pressures Pin and Pout in the pulleys
130 and 150.

Through such feedback adjustment with the reduction
valve 213, the line pressure Pl is adjusted to be slightly higher
than the higher one of the hydraulic pressure Pin and the
hydraulic pressure Pout.

The feedback adjustment of the line pressure Pl in accor-
dance with the levels of the hydraulic pressures Pin and Pout
supplied to the pulleys 130 and 150 prevents the line pressure
Pl{rom increasing more than necessary and prevents the drive
load of the oil pump 211 from becoming excessively high.

When changing the hydraulic pressures Pin and Pout, the
valve bodies 217a and 218a of the control valves 217 and 218
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are driven and the valve body of the regulator valve 212 is
driven. However, inertia may excessively move the valve
body immediately after starting to drive the valve body. This
may oscillate the valve body.

For instance, immediately after decreasing the drive duty
of'the first solenoid valve 215 and increasing the first solenoid
pressure Pslp, which is the driving hydraulic pressure, to
increase the hydraulic pressure Pin as shown in FIG. 3, inertia
excessively moves the valve body 2174 in the valve opening
direction and oscillates the valve body 217a. When the valve
body 217a is oscillated, the oscillation of the valve body 217«
may also oscillate the hydraulic pressure Pin adjusted through
the control valve 217 over the target hydraulic pressure Ptrg as
shown in FIG. 3.

When the hydraulic pressure Pin is oscillated in such a
manner, the tension on the belt 140 repetitively increases and
decreases therewith. This may result in the belt 140 slipping
on the pulleys 130 and 150 or excessive load being applied to
the belt 140 thereby lowering the durability of the continu-
ously variable transmission 100.

Once the hydraulic pressure Pin is oscillated as shown in
FIG. 3 when the hydraulic pressure Pin is greater than the
hydraulic pressure Pout, the line pressure adjustment hydrau-
lic pressure Psrv that changes in accordance with the oscil-
lating hydraulic pressure Pin is input to the regulator valve
212. Thus, the line pressure Pl is feedback adjusted in accor-
dance with changes in the oscillating hydraulic pressure Pin,
and the line pressure Pl adjusted by the regulator valve 212 is
oscillated. In other words, an adverse cycle in which the
oscillation is propagated to the line pressure Pl, and the
hydraulic pressures Pin and Pout supplied to the pulleys 130
and 150 are adjusted in accordance with the oscillating line
pressure P1 occurs.

As a result, the oscillation of the hydraulic pressure Pin
resists attenuation, and a state in which the hydraulic pres-
sures Pin and Pout supplied to the pulleys 130 and 150 oscil-
late is continued for a long period of time.

In the electronic control unit 300 of the present embodi-
ment, oscillation suppression control is executed to suppress-
ing the oscillation of the hydraulic pressure Pin by decreasing
the drive duty and increasing the first solenoid pressure Pslp
and then further decreasing the drive duty and increasing the
first solenoid pressure Pslp as shown in FIG. 4.

When the drive duty is decreased at time t1 as shown in
FIG. 3 to increase the hydraulic pressure Pin, the hydraulic
pressure Pin exceeds and overshoots the target hydraulic
pressure Ptrg. As shown in FIG. 3, the hydraulic pressure Pin
starts to decrease from time t3 and starts to increase again at
time t4. In the oscillation suppression control, as shown in
FIG. 4, the drive duty is decreased at time t1. Then, at time t2,
the drive duty is further decreased and the first solenoid pres-
sure Pslp is further increased so that the valve body 2174 can
be biased in the valve opening direction from time t3 to time
4.

In this manner, by further increasing the first solenoid
pressure Pslp at time t2, the valve body 217a excessively
moved in the valve opening direction as the first solenoid
pressure Pslp increases at time t1 offsets the portion of the
force acting to move the valve body 217a in the valve closing
direction and suppresses oscillation of the valve body 217a.

This suppresses undershooting of the hydraulic pressure
Pin at time t4 and suppresses oscillation of the hydraulic
pressure Pin as show in FIG. 4.

The flow of processes related to the oscillation suppression
control will now be specifically described with reference to
FIGS. 5 and 6. FIG. 5 is a flowchart showing the flow of a
series of processes related to the oscillation suppression con-
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trol, and FIG. 6 is a flowchart showing the flow of a process of
the oscillation suppression control. The series of processes
shown in FIG. 5 are repeatedly executed in predetermined
control cycles in the electronic control unit 300 when the
engine is running.

When the series of processes shown in FIG. 5 is started, the
electronic control unit 300 first determines in step S10
whether or not to increase the hydraulic pressure Pin. For
instance, if the target gear ratio ytrg is less than the current
gear ratio y and the hydraulic pressure Pin needs to be
increased for upshifting, it is determined that the hydraulic
pressure Pin should be increased. If the target gear ratio ytrg
and the current gear ratio y are in conformance or if the target
gear ratio ytrg is greater than the current gear ratio v, it is
determined that the hydraulic pressure Pin should not be
increased.

When determined in step S10 that the hydraulic pressure
Pin should be increased (step S10: YES), the electronic con-
trol unit 300 proceeds to step S20 and determines whether or
not the hydraulic pressure Pin is greater than the hydraulic
pressure Pout.

When determined in step S20 that the hydraulic pressure
Pin is greater than the hydraulic pressure Pout (step S20:
YES), the electronic control unit 300 proceeds to step S100
and executes the oscillation suppression control shown in
FIG. 6.

When the oscillation suppression control is started, as
shown in FIG. 6, in step S110, the electronic control unit 300
first sets the timing for further increasing the first solenoid
pressure Pslp based on the drive duty of the first solenoid
valve 215 and the temperature of hydraulic oil detected by the
oil temperature sensor 308.

After the output of the first solenoid pressure Pslp for
increasing the hydraulic pressure Pin is started and the valve
body 217a is driven in the valve opening direction, the timing
for starting movement of the valve body 217a in the valve
closing direction, that is, the timing of time t3 in FIG. 3
changes in accordance with the responsiveness or the like of
the actual movement of the valve body 217a with respect to
changes in the first solenoid pressure Pslp.

When the temperature of the hydraulic oil is high, the
viscosity of the hydraulic oil decreases. Thus, the responsive-
ness of the actual movement of the valve body 217a with
respectto changes in the first solenoid pressure Pslp increases
as the temperature of the hydraulic oil increases. That is, as
the temperature of the hydraulic oil increases, the valve body
217a moves more rapidly when the first solenoid pressure
Pslp is changed. Further, after the first solenoid pressure Pslp
is output, the timing at which the valve body 217a starts to
move in the valve closing direction is also advanced as the
temperature of the hydraulic oil increases.

As the first solenoid pressure Pslp increase to increase the
hydraulic pressure Pin, the valve opening speed of the valve
body 217a increases when the first solenoid pressure Pslp is
output. That is, as the first solenoid pressure Pslp increases to
increase the hydraulic pressure Pin, the valve body 217«
moves more rapidly, and the timing at which the valve body
217a starts to move in the valve closing direction is also
advanced.

Here, the time (time Tint in FIG. 4) from when output of the
first solenoid pressure Pslp starts to when the first solenoid
pressure Pslp is further increased is set based on the tempera-
ture of the hydraulic oil and the level of the drive duty when
output of the first solenoid pressure Pslp is started to increase
the hydraulic pressure Pin. The time Tint is set to be shorter as
the temperature of the hydraulic oil increases and the drive

25

30

40

45

55

60

16

duty decreases when output of the first solenoid pressure Pslp
for increasing the hydraulic pressure Pin is started.

By setting the length of the time Tint in this manner, the
timing at which the first solenoid pressure Pslp is further
increased is advanced as the temperature of the hydraulic oil
increases and the first solenoid pressure Pslp increases to
increase the hydraulic pressure Pin.

After setting the timing for further increasing the first sole-
noid pressure Pslp in step S110, the electronic control unit
300 proceeds to step S120 and further increases the first
solenoid pressure Pslp when the set timing is reached. Spe-
cifically, the drive duty is further decreased when the set
timing is reached. This further increases the first solenoid
pressure Pslp.

When the oscillation suppression control is executed
through step S110 and step S120 in this manner, the electronic
control unit 300 temporarily terminates the series of pro-
cesses.

If determined in step S10 of FIG. 5 that the hydraulic
pressure Pin should not be increased (step S10: NO), the
electronic control unit 300 skips step S20 and step S100 and
terminates the series of processes without executing the oscil-
lation suppression control.

If determined in step S20 that the hydraulic pressure Pin is
less than or equal to the hydraulic pressure Pout (step S20:
NO), the electronic control unit 300 skips step S100 and
terminates the series of processes without executing the oscil-
lation suppression control.

In this manner, after increasing the first solenoid pressure
Pslp to increase the hydraulic pressure Pin, the oscillation
suppression control further temporarily increases the first
solenoid pressure Pslp to offset the portion of the force that
acts to move the valve body 2174, which has been excessively
moved in the valve opening direction, in the valve closing
direction. This suppresses movement of the valve body 217a.
Thus, as shown in FIG. 4, undershooting of the hydraulic
pressure Pin can be suppressed, and oscillation of the hydrau-
lic pressure Pin can be suppressed.

The first embodiment has the advantages described below.

(1) In the hydraulic pressure controller according to the
present embodiment, after driving the valve body 217a of'the
first control valve 217 that controls the hydraulic pressure Pin
in the valve opening direction, the oscillation suppression
control is executed to temporarily suppress the movement of
the valve body 217a.

Thus, oscillation of the valve body 217a when the valve
body 217a is driven in the valve opening direction is sup-
pressed, and repetitive increasing and decreasing of the
hydraulic pressure Pin supplied to the first pulley 130 over the
target hydraulic pressure Ptrg is suppressed. Further, oscilla-
tion of the valve body 217a is suppressed in this manner, and
oscillation of the hydraulic pressure Pin supplied to the first
pulley 130 is suppressed. This suppresses oscillation of the
line pressure Pl, which is feedback adjusted based on the
hydraulic pressure Pin.

As a result, the occurrence of an adverse cycle is sup-
pressed in which the line pressure Plis adjusted based on the
oscillating hydraulic pressure Pin, and the hydraulic pres-
sures Pin and Pout supplied to the pulleys 130 and 150 are
adjusted based on the oscillating line pressure P1.

In other words, the line pressure Pl is feedback adjusted in
accordance with the levels of the hydraulic pressures Pin and
Pout, excessive increase of the drive load of the oil pump 211
is suppressed, and oscillation of the hydraulic pressures Pin
and Pout and the line pressure P1 when the hydraulic pressure
Pin changes is suppressed.
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Further, as a result, when the hydraulic pressure Pin of the
first pulley 130 changes, repetitive increase and decrease of
the tension on the belt 140 is suppressed, and a decrease in the
durability of the continuously variable transmission 100 is
suppressed.

(2) As described above, after the first solenoid pressure
Pslp is output to increase the hydraulic pressure Pin and the
valve body 217a is driven in the valve opening direction, the
timing at which the valve body 217« starts to move in the
valve closing direction changes in accordance with the
responsiveness or the like of the actual movement of the valve
body 217a with respect to changes in the first solenoid pres-
sure Pslp. When the temperature of the hydraulic oil is high,
the viscosity of the hydraulic oil decreases. Thus, the respon-
siveness of the actual movement of the valve body 217a with
respectto changes in the first solenoid pressure Pslp increases
as the temperature of the hydraulic oil increases. In other
words, as the temperature of the hydraulic oil increases, the
valve body 217a moves more readily when the first solenoid
pressure Pslp. Further, as the temperature of the hydraulic oil
increases, the timing at which the valve body 2174 starts to
move in the valve closing operation becomes earlier.

In the first embodiment, after starting the output of the first
solenoid pressure Pslp to drive the valve body 2174 in the
valve opening direction thereby increasing the hydraulic
pressure Pin, the timing for further increasing the first sole-
noid pressure Pslp is advanced as the temperature of the
hydraulic oil increases. Thus, the first solenoid pressure Pslp
can be changed in accordance with changes in the responsive-
ness of the actual movement of the valve body 217a with
respect to the changes in the first solenoid pressure Pslp when
the temperature of the hydraulic oil changes. Accordingly, the
oscillation of the valve body 217a is accurately suppressed,
and the oscillation of the hydraulic pressure Pin is properly
suppressed.

(3) The valve opening speed of the valve body 217a when
the first solenoid pressure Pslp increases as the first solenoid
pressure Pslp increases to increase the hydraulic pressure Pin.
In other words, as the first solenoid pressure Pslp output to
drive the valve body 217a in the valve opening direction
increases, the valve body 217a is moved more readily when
the first solenoid pressure Pslp is output. This advances the
timing at which the valve body 217« starts to move in the
valve closing direction. In this regard, in the first embodi-
ment, the timing for further increasing the first solenoid pres-
sure Pslp is set based on the level of the drive duty output to
increase the hydraulic pressure Pin. As the duty ratio outputto
increase the hydraulic pressure Pin decreases and the first
solenoid pressure Pslp output to increase the hydraulic pres-
sure Pin increases, the timing for changing the drive duty to
further increase the first solenoid pressure Pslp is advanced.

Thus, the timing for changing the first solenoid pressure
Pslp can be set in accordance with changes in the valve
opening speed of the valve body 217a when the first solenoid
pressure Pslp is output, and oscillation of the valve body 2174
can be effectively suppressed.

(4) The oscillation of the valve body 217a is apt to occur-
ring when the first solenoid pressure Pslp is output to increase
the hydraulic pressure Pin supplied to the first pulley 130, and
the first solenoid pressure Pslp acts on the valve body 2174 to
drive the valve body 217q in the valve opening direction. In
this regard, in the first embodiment, the oscillation suppres-
sion control is executed when the hydraulic pressure Pin
increases and when the hydraulic pressure Pin is greater than
the hydraulic pressure Pout.

Thus, when increasing the hydraulic pressure Pin supplied
to the first pulley 130, the oscillation suppression control is
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executed under a situation that may result in an adverse cycle
in which the hydraulic pressures Pin and Pout supplied to the
pulley 130 and 150 are oscillated continues for a long period
of time due to feedback adjustment of the line pressure P1
performed in accordance with changes in the hydraulic pres-
sure Pin supplied to the first pulley 130.

Accordingly, a state in which the hydraulic pressures Pin
and Pout supplied to the pulleys 130 and 150 oscillate con-
tinuously over a long period of time is suppressed in a pre-
ferred manner.

The first embodiment may be modified in the forms
described below.

The first embodiment is configured to set the timing that
further increases the first solenoid pressure Pslp based on the
temperature of the hydraulic oil and the drive duty for increas-
ing the hydraulic pressure Pin. The timing for further increas-
ing the first solenoid pressure Pslp may also be set based on
only one of the temperature of the hydraulic oil and the drive
duty.

The method for setting the timing to further increase the
first solenoid pressure Pslp in the first embodiment is one
example of a method for setting the timing for further increas-
ing the first solenoid pressure Pslp, and the present invention
is not limited to the setting shown illustrated in the first
embodiment. In other words, as long as movement of the
valve body 217a in the valve closing direction can be sup-
pressed after the first solenoid pressure Pslp is output to
increase the hydraulic pressure Pin, the method for setting the
timing for further increasing the first solenoid pressure Pslp
can be changed as required.

In the first embodiment, the oscillation suppression control
increases the first solenoid pressure Pslp only once after the
output of the first solenoid pressure Pslp is started to increase
the hydraulic pressure Pin. However, the oscillation suppres-
sion control may increase the first solenoid pressure Pslp over
anumber of times. In other words, the oscillation suppression
control may cyclically increase in accordance with the cycle
of the oscillation of the hydraulic pressure Pin to suppress
movement of the valve body 217a and suppress oscillation of
the hydraulic pressure Pin.

In the first embodiment, the drive duty is changed to further
increase the first solenoid pressure Pslp and thereby suppress
undershooting in which the hydraulic pressure Pin becomes
lower than the target hydraulic pressure Ptrg. In this regard,
after increasing the first solenoid pressure Pslp to increase the
hydraulic pressure Pin, the drive duty may be temporarily
changed to decrease the first solenoid pressure Pslp and sup-
press overshooting in which the hydraulic pressure Pin
becomes greater than the target hydraulic pressure Ptrg by
suppressing movement of the valve body 217a. This sup-
presses oscillation of the hydraulic pressure Pin.

In addition, after increasing the first solenoid pressure Pslp
to increase the hydraulic pressure Pin, the first solenoid pres-
sure Pslp may be alternately and repetitively increased and
decreased in accordance with the oscillation cycle of the
hydraulic pressure Pin to temporarily suppress movement of
the valve body 217a and suppress oscillation of the hydraulic
pressure Pin.

Second Embodiment

A second embodiment of a hydraulic pressure controller
for a continuously variable transmission according to the
present invention applied to an electronic control unit 300 that
controls a continuously variable transmission 100, which is
installed in a vehicle, and a hydraulic pressure control unit
200 will now be described with reference to FIGS. 7 and 8.
The present embodiment differs from the first embodiment in
that a closing valve 240 and a switching solenoid valve 241,
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which drives the closing valve 240, are added to the hydraulic
pressure control unit 200, as shown in FIG. 7. Otherwise, the
present embodiment is the same as the first embodiment.
Thus, in the description hereafter, components that are the
same as the first embodiment will not be described, and
components differing from the first embodiment will be
described in detail.

The hydraulic pressure control unit 200 of the present
embodiment includes the closing valve 240 on the discharge
passage through which the hydraulic oil discharged from the
discharge port 2304 of the pressure adjustment valve 230
flows, as shown in FIG. 7. The closing valve 240 can switch
between states closing and opening the discharge passage.

Further, the hydraulic pressure control unit 200 of the
present embodiment includes the switching solenoid valve
241 that drives the closing valve 240. The switching solenoid
valve 241 is a solenoid valve electrically driven based on a
drive command from the electronic control unit 300 and
switched between an “ON” state, in which the driving
hydraulic pressure is output to the closing valve 240, and an
“OFF” state, in which the driving hydraulic pressure is not
output.

When the switching solenoid valve 241 is switched to the
“ON?” state, the driving hydraulic pressure is output, and the
driving hydraulic pressure switches the closing valve 240 to
the state closing the discharge passage, that is, a valve closing
state.

When the switching solenoid valve 241 is switched to the
“OFF” state, the drive hydraulic pressure is not output, and
the closing valve 240 is switched to the state opening the
discharge passage, that is, the valve opening state.

In the present embodiment, the discharge passage is closed
by closing the closing valve 240 to prohibit the discharge of
hydraulic oil from the second pressure chamber 217¢ of the
first control valve 217 and the supply of hydraulic oil to the
second pressure chamber 217¢ and execute oscillation sup-
pression control that suppresses movement of the valve body
217a.

More specifically, the series of processes shown in FIG. 5
are repetitively executed while the engine is running in the
same manner as the first embodiment. When determined that
the hydraulic pressure Pin should be increased (step S10:
YES) and that the hydraulic pressure Pin is greater than the
hydraulic pressure Pout (step S20: YES), the process pro-
ceeds to step S100 to execute the oscillation suppression
control.

In the present embodiment, the oscillation suppression
control shown in FIG. 8 is executed. As shown in FIG. 8, when
the oscillation suppression control is started, in step S130, the
electronic control unit 300 sets the switching solenoid valve
241 to the “ON” state and switches the closing valve 240 to
the valve closing state.

When closing the closing valve 240 in step S130 and
executing the oscillation suppression control, the electronic
control unit 300 temporarily terminates the series of pro-
cesses.

In this manner, when the closing valve 240 is closed in step
S130 and the oscillation suppression control is executed, the
discharge of hydraulic oil from the discharge port 2304 of the
pressure adjustment valve 230 is prohibited. When the dis-
charge of the hydraulic oil from the discharge port 230d of the
pressure adjustment valve 230 is prohibited, the hydraulic oil
in the second pressure chamber 217 ¢ is not discharged even if
the solenoid modulator pressure Psolmod supplied to the
second pressure chamber 217¢ of the first control valve 217
becomes high. When the hydraulic oil in the second pressure
chamber 217¢ is no longer discharged, the solenoid modula-
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tor pressure Psolmod increases and the input port 2305 is
closed by the valve body 230q. This prohibits the supply of
hydraulic oil to the second pressure chamber 217c.

Thus, the execution of the oscillation suppression control
prohibits the discharge of hydraulic oil from the second pres-
sure chamber 217¢ and the supply of hydraulic oil to the
second pressure chamber 217¢. As a result, the volume of the
second pressure chamber 217¢ barely changes, and the valve
body 2174 barely moves.

Accordingly, when the output of the first solenoid pressure
Pslp for increasing the hydraulic pressure Pin is started and
the valve body 217a is driven in the valve opening direction,
excessive movement of the valve body 217q in the valve
opening direction can be suppressed. Further, subsequent
movement of the valve body 217a can also be suppressed.

Thus, oscillation of the valve body 2174 can be suppressed,
and oscillation of the hydraulic pressure Pin can be sup-
pressed when the valve body 2174 is oscillated.

In this manner, the second embodiment has advantages (1)
and (4) of the first embodiment.

The second embodiment may be modified in the forms
described below.

In the second embodiment, the closing valve 240 is
arranged in the discharge passage through which the hydrau-
lic oil discharged from the discharge port 2304 of the pressure
adjustment valve 230 flows. The closing valve 240 only needs
to be arranged at a position at which the discharge of hydrau-
lic oil from the second pressure chamber 217¢ of the first
control valve 217 and the supply of the hydraulic oil to the
second pressure chamber 217¢ can be prohibited. Thus, the
closing valve 240 may be arranged in a passage connecting
the third input port 217/ of the first control valve 217 and the
output port 230c of the pressure adjustment valve 230.

The closing valve 240 is driven by the driving hydraulic
pressure output from the switching solenoid valve 241. How-
ever, the closing valve 240 may be formed by an electrically
driven solenoid valve, and the closing valve 240 may be
directly driven by the electronic control unit 300.

Elements that can be changed in each embodiment
described include the following.

In the embodiments described above, the second solenoid
pressure Psls is conveyed to the reduction valve 213. In the
reduction valve 213, the line pressure adjustment hydraulic
pressure Psrv is set based on the hydraulic pressure Pin and
the second solenoid pressure Psls, and output to the regulator
valve 212. However, the hydraulic pressure Pout supplied to
the hydraulic pressure chamber 154 in the second pulley 150
may be conveyed to the reduction valve 213 instead of the
second solenoid pressure Psls, and the line pressure Pl may be
feedback adjusted based on the hydraulic pressure Pin and the
hydraulic pressure Pout.

The present invention may be applied even to a hydraulic
pressure controller that feedback adjusts the line pressure P1
based on the hydraulic pressure Pin and the hydraulic pres-
sure Pout.

When the line pressure Pl is feedback adjusted based onthe
hydraulic pressure Pin and the hydraulic pressure Pout, oscil-
lation of the hydraulic pressure Pout as a result of the oscil-
lation of the valve body 218a produces an advertent cycle in
which the oscillation is propagated to the line pressure Pl and
the hydraulic pressures Pin and Pout are adjusted based on the
oscillating line pressure P1.

Thus, when employing such a configuration, it is preferred
that the oscillation suppression control be executed to further
increase the second solenoid pressure Psls after increasing the
second solenoid pressure Psls to increase the hydraulic pres-
sure Pout.
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When employing a configuration executing the oscillation
suppression control that closes the closing valve 240 like in
the second embodiment, the discharge of the hydraulic oil
from the second pressure chamber 218¢ of the second control
valve 218 and the supply of the hydraulic oil to the second
pressure chamber 218¢ are prohibited during execution of the
oscillation suppression control. Thus, oscillation of the valve
body 218a of the second control valve 218 can be suppressed
by executing oscillation suppression control that closes the
closing valve 240 like in the second embodiment.

Thus, if the line pressure Pl is feedback adjusted based on
the hydraulic pressure Pin and the hydraulic pressure Pout, it
is preferred that the conditions for executing of the oscillation
suppression control in the second embodiment be changed so
that the oscillation suppression control is executed even when
the hydraulic pressure Pout is increased.

The executing conditions of the oscillation suppression
control are not limited to the executing conditions of the
embodiments described above. Thus, the executing condi-
tions of the oscillation suppression control can be changed as
required in accordance with the configuration of the hydraulic
pressure control unit 200 to which the present invention is
applied.

In the embodiment described above, the hydraulic pressure
controller for the continuously variable transmission accord-
ing to the present invention is embodied as the hydraulic
pressure controller for controlling the continuously variable
transmission 100 that is installed in a vehicle. However, the
present invention is not limited to a hydraulic pressure con-
troller that controls a continuously variable transmission
installed in a vehicle. That is, the present invention can be
applied as a hydraulic pressure controller that controls a con-
tinuously variable transmission other than one installed in a
vehicle.

In the embodiments described above, the oil temperature
sensor 308 is used as an estimating means for estimating the
temperature of the hydraulic oil, and the temperature of the
hydraulic oil is detected by the oil temperature sensor 308.
However, the structure of the estimating means may be
changed as long as the temperature of the hydraulic oil can be
estimated. For instance, a structure that estimates a heat gen-
eration amount of the internal combustion engine 400 based
on an integrated value of the intake air amount GA and esti-
mates the temperature of the hydraulic oil based on the heat
generation amount or a structure that estimates the tempera-
ture of the hydraulic oil based on the temperature of an engine
coolant, which cools the internal combustion engine 400,
may be employed as the estimating means.

The structures of the continuously variable transmission
100, the hydraulic pressure control unit 200, and the elec-
tronic control unit 300 in the above embodiments are
examples embodying the present invention. These structures
may be changed as required.

In other words, the present invention is not limited to the
continuously variable transmission 100, the hydraulic pres-
sure control unit 200, and the electronic control unit 300
configured like in the embodiments described above. The
present invention may be applied to a hydraulic pressure
controller that feedback adjusts the line pressure Pl based on
the hydraulic pressures Pin and Pout supplied to the pulleys
130 and 150

DESCRIPTION OF THE REFERENCE
CHARACTERS

100: continuously variable transmission
110: torque converter
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120: switching mechanism

121: forward clutch

122: reverse brake

130: first pulley

134: hydraulic pressure chamber
140: belt

150: second pulley

154: hydraulic pressure chamber
200: hydraulic pressure control unit
211: oil pump

212: regulator valve

213: reduction valve

214: modulator valve

215: first solenoid valve

216: second solenoid valve

217: first control valve

217a: valve body

217b: first pressure chamber
217¢: second pressure chamber
217d: first input port

217e: second input port

217f: third input port

217g: spring

217k: output port

217i: discharge port

217;: feedback port

218: second control valve

218a: valve body

218b: first pressure chamber
218¢: second pressure chamber
218d: first input port

218e: second input port

218f: third input port

218g: spring

218#: output port

218i: discharge port

218;: feedback port

219: failsafe valve

219a: first input port

219b: second input port

219c¢: output port

220: switching solenoid valve
230: pressure adjustment valve
230a: valve body

2305: input port

230c: output port

230d: discharge port

230e: spring

230f: feedback port

240: closing valve

241: switching solenoid valve
300: electronic control unit

301: acceleration position sensor
302: airflow meter

303: crank angle sensor

304: turbine rotation speed sensor
305: first pulley rotation speed sensor
306: second pulley rotation speed sensor
307: wheel speed sensor

308: oil temperature sensor

400: internal combustion engine
410: intake passage

411: throttle valve

The invention claimed is:
1. A hydraulic pressure controller for a continuously vari-
able transmission that changes hydraulic pressure supplied to
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each pulley of the continuously variable transmission to
change a gear ratio, the hydraulic pressure controller com-
prising:
an oil pump;
aregulator valve that adjusts hydraulic pressure of hydrau-
lic oil discharged from the oil pump and output as a line
pressure by bifurcating the oil discharged from the oil
pump; and
a first and a second control valve each of which further

adjusts the line pressure and outputs a control pressure 10

as hydraulic pressure supplied to each of the pulleys of
the continuously variable transmission;

a hydraulic pressure circuitry configured to execute a
hydraulic pressure controller feedback, wherein the
hydraulic pressure controller feedback adjusts the line
pressure in accordance with a level of the hydraulic
pressure supplied to the pulleys, and after driving a valve
body of each control valve in the valve opening direc-
tion, the hydraulic pressure circuitry executes oscillation
suppression control that temporarily suppresses move-
ment of the valve body,

the control valve uses a driving hydraulic pressure input to
the control valve to drive the valve body in the valve
opening direction, and

after the hydraulic pressure controller starts to drive the
valve body in the valve opening direction, the oscillation
suppression control further changes the driving hydrau-
lic pressure to suppress movement of the valve body in a
valve closing direction when the valve body oscillates as
the output of the driving hydraulic pressure starts.

2. The hydraulic pressure controller for the continuously

variable transmission according to claim 1, wherein

the oscillation suppression control executes the further
changing of the driving hydraulic pressure by further
increasing the driving hydraulic pressure in accordance
with a timing at which the valve body starts to move in
the valve closing direction to suppress the movement of
the valve body in the valve closing direction.

3. The hydraulic pressure controller for the continuously
variable transmission according to claim 1, further compris-
ing:

an estimating circuitry configured to estimate the tempera-
ture of the hydraulic oil,

wherein the oscillation suppression control advances a tim-
ing for the further changing of the driving hydraulic
pressure as the temperature of the hydraulic oil
increases.

4. The hydraulic pressure controller for the continuously
variable transmission according to claim 1, wherein the oscil-
lation suppression control advances a timing for the further
changing of the driving hydraulic pressure as the driving
hydraulic pressure output to drive the valve body in the valve
opening direction increases.

5. The hydraulic pressure controller for the continuously
variable transmission according to claim 1, wherein

the hydraulic pressure controller feedback adjusts the line
pressure in correspondence with a change in a larger one
of'a hydraulic pressure supplied to a first pulley, which is
coupled to an internal combustion engine, and a hydrau-
lic pressure supplied to a second pulley, which is
coupled to a vehicle wheel, and
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when increasing the hydraulic pressure supplied to the first
pulley, the hydraulic pressure circuitry executes the
oscillation suppression control when the hydraulic pres-
sure supplied to the first pulley becomes greater than the
hydraulic pressure supplied to the second pulley.

6. A hydraulic pressure controller for a continuously vari-
able transmission that changes hydraulic pressure supplied to
each pulley of the continuously variable transmission to
change a gear ratio, the hydraulic pressure controller com-
prising:

an oil pump;

a regulator valve that adjusts hydraulic pressure of hydrau-
lic oil discharged from the oil pump and output as a line
pressure by bifurcating the oil discharged from the oil
pump; and

a first and a second control valve each of which further
adjusts the line pressure and outputs a control pressure
as hydraulic pressure supplied to each of the pulleys of
the continuously variable transmission;

a hydraulic pressure circuitry configured to execute a
hydraulic pressure controller feedback, wherein the
hydraulic pressure controller feedback adjusts the line
pressure in accordance with a level of the hydraulic
pressure supplied to the pulleys, and after driving a valve
body of each control valve in the valve opening direc-
tion, the hydraulic pressure circuitry executes oscillation
suppression control that temporarily suppresses move-
ment of the valve body, wherein

the control valve includes a first pressure chamber into
which a driving hydraulic pressure will flow to move the
valve body in the valve opening direction, a biasing
member accommodated in the first pressure chamber to
bias the valve body in a valve opening direction, and a
second pressure chamber arranged at an opposite side of
the first pressure chamber with the valve body arranged
in between, wherein the level of the driving hydraulic
pressure supplied to the first pressure chamber is
changed to drive the valve body, and

after starting to drive the valve body in the valve opening
direction, the oscillation suppression control suppresses
the movement of the valve body by prohibiting dis-
charge of the hydraulic oil from the second pressure
chamber.

7. The hydraulic pressure controller for the continuously
variable transmission according to claim 6, further compris-
ing:

a pressure adjustment valve including a valve body moved
to connect the second pressure chamber and a discharge
passage when the hydraulic pressure in the second pres-
sure chamber increases and discharge some of the
hydraulic oil from the second pressure chamber through
the discharge passage; and

a closing valve that can switch between a state closing the
discharge passage and a state opening the discharge
passage,

wherein the closing valve closes the discharge passage to
prohibit the discharge of the hydraulic oil from the sec-
ond pressure chamber.
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